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Biomass burning is an il]]p(l] Iilt]t  j>rt~(, .S 01] LI)C ll:lr[ll  at t}]< lt~u:il,  ]egional and global
scale.. “1’0 investigate issues relalcfi  t~~ t)i(:ll:lss } JUI nin:. A IiIIIgC oj” Itl]lo[rly acquired data were
measured as part of the NASA SI]mkt ( ‘I)L (I }’ .1os01 a[id  ~tdla(i~)[l cx~)cril]m]t  in Brazil, 1995.
As par[ of this experiment, inm~cs of (-;llil  )1 i I( ~ spcctI al radiar)cc 1 ](JII 1 400” to 2500 nm at 10 nm
intervals were acquired by AV11<1S.

“l’c) i]]vcstig,ate  the  expIc:~sio]L  <JC I,io;r :iss fjJ~s irl A\~ll<l S ~l)c(tra, a model of the
UpWC]]illg radiancx from a bulni]~f’, f II t’ ti,:l~  (i . c]o]wd ‘1’l]is s])( ctl:il  II Iodcl accounts for four
components in the 20 by 20 n] /l,\)l}tl}> s;!;  tial ]csoltlti(~l)  cl<’T]JL.[it, ‘1’hcsc arc: (1) the
atmospheric path radiance, (2) [h{ SU1:)! I [.IILc1 ( I ratli;]llce f’lo]r)  ~lrli)~]l J][ vr.~ctation and soil, (3)
the apparent temperature and area of :1 ~)] III y I IL aIId (4) tltt’ a]~j):lrr~}t  tctnperature and area of
a Sccondal’y  file. A nonlinear lC:ISI s~ju:~[t:>  s[, ,.:tral l’iltin~~
thi S Inoc]c] for the AVIRIS spcctt:i,

~ :tl,$:oli[tllll~  was developed to invert
“]’11(’  (:.!ivt’! t)iolil;~s~  bu! 1“1111{’, ljarall]rtms  from this algorithm

are prcscntcxd  fol” AVJRIS spectral iltlu{’t’s :{( i.](!)(’d ovt”I  (Uui:(ba,  ]Il:lzil 011 ?.$ August ]995.

lN’1’l<olllJC’l’10N

}3ionlass burning is an i]l]jml  [ii Ill !)] t)ct ~~ i on ~tl{  }{a I [h at [tic Ic}ca], regional and global
scale. At the local scale, clestru(:liotl  of I]lll]l;rl  infittstl  LlcttIIc is (}1()  d(~tliirlant  concern. At the
regional scale, destruction of habilat  :IIMI II II(dif 1,.ation of rcfio~lal ~lilll:{tc  d] c. at iss~le  (Kirchhoff
1989). At the global scale, produc(io[l  of <i!! \ICI!I diosidt  (a p,r(CII}ICIUSC  ~,as), modification of the
temstrial carbon balance, and illti  tx{ucl](~~l  ol ,c.]osOIS in(() the. attt]osl)l)c)c  (direct and indirect
impacts on the global energy bal:illu< ) i r{ at I.>SUC. (1 .c. vil]c, 199 S). } liolnass burning occurs
unprcdict:ib]y  in clctail  around the p,]ol N: J<t) [I (’ [!lcrc ii (lry \c~~t;ll  iolt a~ a function of numerous
natural a[d  human Pdctors. 13 CCXUSC CIf II 1! ~ j,](}) II all~i il~tex  i]~iltc]ll ]):il~ll t> , a satcllile or airborne
nlcl~]od  to dctecl,  measure and nwtlil~)l  llit]]l;~s:  :Iurl!illj’, :ind filt>.  J)[lliilll{’[(’l  S is cicsirablc.

}]iomass fires emit rac]iaill.’[:  :I\ :: ! L ll(”t  (111 (Ii’ [clllJJcla[Lllc S})i([[a across the AVIRIS
range for l)lanck function emitted ] :I:ii:ill(  {. I l\’t a t’illl{’,(’  Of f]rt’ ttll]])rltilLlrC.s  arc show in l~igurc
]. “]’hC Sh:ipC and intensity Of sp<[’t [ tiil~’  t“ 11 [1(’ [adial]cc  vaJics s[Iofl{Ily  OVCI this sJ>cctral  range
for these tmnpcraturcs. ‘l’his spccll ill SCJI\i I i\ i[~’ :!) teIil]~(l(it(l](:  \v:Is ]rt\~(~,ti:iit~d with AVIRIS fcw
volcano hot spo(s (O~)pcnhcinlcl  I 903), I{(I:I(! .i salcllitc  llllllti-  slwLtl i{] ;ij)j)roachc,s  to estimate
fire tclnpcIatum  and fraction WC.I c [)111 >1 l.,]  1],$ violl sly (llozi~l 1981 ; ]’J; IIS, 1992).  IIowcver,
thcl’e  is additiol]a]  ]f2VCrilgC OJl 01(’S(” f 1 !c’ 1)<’ , mc[crs irl I}lc t’(~rlll)illc(l  stlapc  and intensity
memurcd in the AVIRIS  spcctt  un~,
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I;igure ]. Planck function e.rl”rittt’d 1 u(iiull( L s, .“ctr:l for a I:!! ’1{’c  ()(’ fil c lcTIIIm”atuJ’e  from 400 to
250011111.

A nmdcl  of the rac]iancc ]lit I(I(JII ;j! A’$, ‘IRIS f<)J 20 by ?(I IIJ >~latia] reso]utioIl  has been
developed. “1’hc model relies CM I the M ( )1 Y 1</’ N3 (K ntiz,ys. 198/, l~rlk,  1989) radiative transfer
cocle fcw c a l c u l a t i o n  of  atIl~OS~)]l(’J i( !.1: I :illltels. h401 )“1’I<P,K3 WIaS used to model the
atmospheric path racliance. A II lix~~ll ( t If I II( ,uJe(l s]lrctl<l [Jf \’(fr(t:lti(lrl a n d  s o i l  w e r e  used to
represeJlt unburnt components {)f lilt  :.u:  i :1( ‘1’ht. l’laIIck futl[[ic)ll \\iis used t o  model t h e
radiance emitted by two fires Il:lvillf’  iii: ft I c] Lcnql{’1  ,it UI’CS slid aT(’:11 u.xlclits. ‘1’}lis model  was
linked c)f the simplex nonlineal  lc;ist  s[]LI.11 is I l[inf~ alporit}~l~l (1’1 rss 10S(,) to invcr[ the AVIRIS
measured radiance for biomass ll~c ]): 1,Il]){ttu:. “ll]t i<lgoIi(lilc  lIa\ I)(CII  :i])])liecl to an AVIRIS
data set acquilecl near the city (If ( ‘u :i~o ]l:,lzil  OJI  llIe 2,5111 ()~ Auyust  1995. ]<esults o f  t h e
application of this algorithm to (Ilc (’ui:illd tla[ M aT( ]Jrcs(rlttxl iii tlli~ ])aj)cl.

An image from the 500.5  JIIII u’,1 .cII.11, “J m~’,ioli froln tllc A\ll 1<1S August ?,5 Cuiaba data
set is shown in liigure 2. Scvclal f)l(s a{ t ) nirl~, v)ith llIc. JII<~s( jl![~llli[le.nt  in the central left
portion of the image. ‘1’he sm(Ac ))11.111(: fI():l: thr. tlii)]nass iIIL is (i{~lllill:int  at this wavelength
and trends towards the city of (’ui;il~:l  ~ [I IIlc ~(}wc]  ri{’, tlt I I. HIICI (It III(  ill}a~e. l;igures 3 a n d  4
S]low t}le spectral images at 1000.? ]I!tl ;~t [1 ~’ ) )(). s 11111 WH\’C](’Jl\’(tl l~i~)ccti;ely.  In the 1000.2
nm AVIRIS wavelength inla~c.,  tll,. sIII,  illi I I ‘i [iCl(’  ill Id lC\S (! C.l I\t’ ]1(.)1 [ioIIS Of tllc. sn)oke  pill Jlle

are no lcmp,er  cviclcnt and the hi{’,11(.]  tt[l 1).1 ii[ I L: ed[Ics of [Ile fIIts ai (“ sl)owing emitted radiance.
][1 t h e  ? 0 0 0 . 5  nnl AVIRIS  Wa\)C](II~I,itI  IIIM[  tht $lll(~k(’ lJ]UIII. i~ l;\ I {T,cly transparent and the

! j ,J.~ (:l)lit(~(] l’a(li;ill~’l’.entire burning area is evidcllt l}i]ol]jI,Li ,1)( ‘) ’llcsc effects arc showJl
spectrally in l~i~urc 5. “1’}lC i’lls[ A\/l Rls  .); )Cct[t)ri] of [h~:  tI{)II t~utltill~,  vegetation at some
distance. frol]-r t})c smoke pllll])c slloivs 1}1,  solti]  Jcfltx!e(l I ;i(li:ill((  due t o  absorptic)n  a n d
scatterin:  in the atmosphere anti [(I Ic:ctirll)  i~l I Itc S(JI fuce. ‘1’}IL SIIJ ~il(  ( ~’cj~ctation  absorption d~lc
to chlorophyll is ex~)ressccl  t)c.ttv~’(’ii (18 1 ,~rlf~  “”lo  Jill-l iTl tills SJIL’t:(l(llll. ‘1’}Ic.  second spectrum of
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non burning vegetation in the sln{lkr  l)l(ll!lt SI)I)LVS I]ILIC  to IJO i[iflur]l~c of surface reflectance
below 1000” nm due to the scat~~]iny  iI! SIIN)I.L. II(>yond 1000 I)I!) [t]c influence of smoke
scattering is decreased and this spc.  tI 1111 I ;t’st ;IIblcs ttlc filst vcj’c[:i[io[l ladiance. ‘l’he third
radiance spectrum from burning VCRCI;lI  io:] \lI(II\I,s  tllc sIIIokc s(”ot(~.1 illj’ effects below 1000 m.
Between 2000 ancl 2500 nm this sIx:c[] (]I i) I i II !!!,her in lacli:\n(r  [I]:+tl II)C non burning spectrfi.
This increased radiance results froltl L)ic clli  .sicll of [hc fire, A fll]l A\)l 1<1S specmm from 400
to 2500 nln for every 20 by 20 m :s]xIIi:I  I (1L II IC; ,: in Cui:{ba  dal,:{ s([ ‘] ’tILse spectra provide the
basis for derivation of the fire tcm] )(I .lt (It L :1 L: .xtenl a]ld associ:([cd ]j:il<lmcwrs.

liigure 2. AVIRIS image at 500.5 rIIII ol I’IC  t)i(~)ms f]r(s at (lli;il)~, l; I :l~il. Smoke particles are
scatterin~  the solar radiance at this WI; IVCI( ! I) III.

};if,ure  3, image at 1000.21111”1. At tli: u; Lclerl:tll the srnokt  is ])(vlct[at  cd. ‘l’he. blackened
bumcd arc.a is evident. At the f]i[l{’,c of II( II II IICd :IL:L a(livc tl~ll Ili;l:,  is apparent as radiance
cmi t tccl by the fire.
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I;igurc 6. Spectral fit from invczsi<)ll  {It [i< f<) arfi ]I]cdc.1. “1’tlc  II IC:I\LIr  LXl spcctJunl,  model fit
spectrum and residual are show;}. ‘1’\l,’[)  fllc ‘:. IIipc[;ltu]cs  ar]d :~tt’:tl cxtcllts were required to
model this mcasu~ed  spectrum.

‘1’his spectra] fire paran-relcr  al fI,OIiti III I \ IS aljI1liCd u) tIIC r]ltilt (’l]iaba AVIRIS data s e t
covering 11 by 2,() km at 20 by 20 III s});il]:{ IC .,luti[)]l. lm::~t’sof  t}I( l]tiJl]ary  fire temperature
and area] extent produced by the. :\lfIt)I  itllJ~]  aT shown in 1 i~,(lrcs ‘i [I II({ 8. Iires are m a p p e d
throughout the inmge with tenq)cri~ttlrcs [:iII~Ii;;: froln 500” 0}< tt~ 1’/[)() “K. Smaller fires are
dete.ctcd  and mapped  t h a t  wer(  II()[ V.(’ll  t t ;JIcsscci in tile 1’(KHI .5 nln Iadia.ncc  image,
‘1’enlpcraturcs of t}~e  smaller filcs atic] tllc tl i[,( of III(  laIgCI fllts :\rt’ [~’j)ically  higher than the
internal regions of the larger fltcs Ir]t tr;LtI( la] al(a~  IaIIp,c fI(~Jr]  (),()1 to (). ?JO.  “l’he h o t t e r ,
sma l l e r  aJ~d edp,e,  fires show lowtl  jr,j,”ll[)r~, J c,xtcl)t “1’llis  t~ll]l~(ra[urc.  a n d  areal extent
c]istlibutiol\  are consistent with t}lt’ ;~v;!i]:!l  i] 1)’ ( I UIIIJLIIII[  fuc] JIC;II (tic sIIIa]]  fires and edges of
larger fire. This temperature a[ifl :J~Liil  (.i[cll [c.sults arc (O II SI:)III wi[tl  I}IC biomass burning
process. l~urthcl more, the a~rcc.l]lcli[  tlr[v:,(il  li~c. , ti\/I}<IS  II IC:I\. IICd l,ltli;lJ)cc  and l>hvsicallv. <

:I[)l)I(KI(.’]I  .III(I alg~rithm  for

Iirc’ s{{or)(iary  fire an(i area]
II,cII ii., cslimatcs atmospheric



liigure8.  ll]lfigc  ofarcfil  fracti[Jll  tJi[i(:llirl: firr.fol AVIRIS (:uial):i sjK-.ctIa.  ‘j’he unitsof  this
image ale. paT 1s per thousanc].



CONCI.US1ON

A spectral fire partimetm al jI(JI il t I I I) iv. , clcvclojxxl  t{) Cicl i vc 1 II L tcmpcmture and area]
extent information from calibratcxl S]IU( [1 ~ IIICJ ,rrcd  I)y AVIRIS a~ iln:l[’,cs  with 20 by 20 meter
spatial resolution. I’he algc)rithm is. l~iis(([  ori t!]: spcctl,ll  slIajJc  a~l(i  ir)[~[lsity of the fire emitted
radiance expressed in the AVIR 1S S]JV. II :(. 1 l]es arc spt LtIa Il) IINKIt.]cd  as a primary and
secondary fire source in each AV 11+ IS s 1 l[itiil  ! (’lel~lcnt.  IZffecls  of” :lt~n~)sphcric  path radiance,
atmosphe.rc  transmittance, ant] sIII;)T ]ufic,tc(i  !adi~ilicc  ft{)n]l  UI]I)LIIIL[ vcp,etation  and soil are
accounted for. C)OOd agreement is aclliri  ~.(i {ICI  u~cen  IIIC mctisul CC] AV 11<1 S spectra and modeled
spectra of the algorithm, ‘1’he s])cctt:tl  j 1] c ,~.li!l]:ratll}c  :il~,c~litlll]l  wcis :l[J1)]ie.d to a 11 by 20 km
AVIRIS image near Cuiaba, Bra~il. ‘1 1~[ s] ILihl distlil)~ltio~is of Itlr filu temperatures and areal
extents were consistent with the. biolna~.s  I )~lr llil!~,  }WXCSS. ‘1 his :ilg,oli(tl[ll  coupled with AVIRIS
data provide an improved stratc~,y  10] dcT i\ilt  ill of biomass firt  ~mtal)]ctcls.  Remotely derived
biomass fire parameters are needed [(l (It!(:c \. 1, l.:~stjl~  :jltd  II]oni[ol filts i{t the local, regional and
global  scale.

]1’U7’~Jl{]t  WORK

l;uture work will focus C)II vali(!:i(  I(Ii I cd IIN (itrjv~d l)i{.)rra~s fJIL paI ameters.  in acldition,
the algorithm nmdel will bc extcr-rd(d  :t~ :tlloi ~or v::]i:)tio:l  irl w;~t(] \o]K)I and carbon dioxide.
A sensitivity analysis will he I)fJJ~~:  I c.i III undcrstan(i  Illc Lr)flllcrlcc of the constraining
parameters to tile. modeled spcctl (]l]!,
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‘1’o derive biomass burl)lli~  II~It  UIIi.ICV , fron] [I)e ~al]ll];l[~d  s}K’ctIa,  a model of the
upwelling radiance inciclent  at AVIRIS (!!:1 11,,1 Llcicd fire rlni~[~.~i  KIItI:’y  was developeci.  “1’he

‘)() sj)atiill cltlll(’llt is modeled as the sum ofspectral radiance incident at AVIRIS i ~ (}] 1 I I l’{ I by .

the path radiance from the atnlc)s])l~(l~:,  tllc lc.f, cted ] acliancc f]o~]) ullt~umt vegetation and soil;
and the et-nltted radiance from two fll c :. I ). 11 (t>s A silllplific(i Cxjl[[siitlll  of the model is given in
equation 1.

It: I.p-I  l.r+ l.bl + 1.b2 (11

l.t is the total upwellins  s]xx[i  ‘I I I .I[ I; I II. i. mc:tsuled  tly A\:l  1<1 S i’()] a 20 by 20 m spatial
resolution element. I,p is t}le a(IIJosj)Jt(] [~ ~J:(:} radi:ln~c  illc]~it]l[  al ~~VIRIS  that has not been
reflected by the surface. l.r is l}]t’ JCfl{o~’l!(i  I(I .I.irICC. 1 I is mo(irlu~i :;s tile two way t ransmit ted
from the sun for a mixture of vc~ct:i~i(~[l  iit~l SI )il. 1 b] is tllc CJIIC  wa)  ~1.~l~smitted Iadiance from
a Planck  function source for a F, I\’CJI tt’]lp.’~ii:.lce  aII(l aTe.:il  cA{L’Iit I l)? is the radiance from a
second l>lanck  function source at id ut ciil  PI.ICI: ‘1’hc alcal  tx[crlt  of (tic solar reflected racliance
and the two Planck function rfidi;alti’t  S(IWT( (.$> iIIC c< HIst IairIccl to if L’illi)($ of 1.0. “1’he reflectance
of the vegetation and soil wcle sclLct{d  f] t~l [1 1 ibrar~?  t)f pi c c.xisli)l~, j“ltld measurements. “l”he
MOIY1’RAN3 ladiativc  transfer co[it  V,(S IIWI. to ])J c~viclc the at li-ms}lllc)ic  path radiance for a
range of hig, h]y scattering atmosl]hcI  IL tl)ri(iil  I )’ls. MOIYI’I<AN3  v;a~ also used to calculate the
one  way and two way transllli~tall{~  t~f’ (1 c allll(~sph(rc. ~1 I~L’unt compilation of the
exoatmospheric solar irradiance w:t ~ us~ I 1 ( ;:J j and (; JL. cn, ] 995). l<;i~iiancc  e,mittcd by the fires
was mo(jeled  by the Planck  flltlctlo]l.  ‘1 llc .,mc[t:ll ]eg~on i’]t t)v ~lic tl)odel  was limited to
wavelen~, ths gleater  than 1000 I) In, v}I~  c IiII SI-IM)KL..  scat[t.ri]]:’  is ;L(luc:cd  and the fire emitted
ra(iiancc effect is strong. “J’hr. i]l~)lllili;iti }1 aII,~ ()[)sul  v;i[ior] ~cOIII{tI~  (01 (tiu nlocicl are  based o n
the time. and place of AVJRIS (iata ;+~c~~l)il 1(.)11

ANAI.YSIS  ANI) RHXJ1,TS

]~igure  6 shows an cxanq~]t’  {li tlc s}]( ‘ ral flt for a sirl~l{ S))LLIT  L]I’1~ in the central Cuiaba
fire. ‘l”o achieve a good fit fL)I this F,\~ i Ri ‘i nl(~.iis~l[~d  S~K(II 11111, c.lllittc(i radiance from two
Planck functions with two tcn]i~c.1 ;IIL1lL  , .t[lci  : real (x[cnts WCI( lt{l~titc(i.  One  a t  1183 ‘ K  a n d
0.04 fractional extent ami a s{<,o?td  iit ()’) 1 ): and ().42 f[it~[iol]:)}  cxtc]lt.  AlSO sklown is the
raciianm cxpcctcd  fcm a surface cjf 1.() IL I i~~.[:  .>C.


